This paper is third in a series, studying the optical properties of a sample of Seyfert galaxies. Here we present a homogeneous set of global (ellipticity, position angle, inclination, and total magnitude) and isophotal (semi-major axis and colour indices at 24 V mag arcsec −2 ) parameters of the galaxy sample. We find the following median corrected isophotal colour
Introduction
The major components of disk galaxies are bulges and disks, basically different in their support against gravitational collapse (de Jong 1996a) . Various correlations involving bulge and disk parameter have been established, e.g., bulge vs. disk scale lengths (MacArthur, Courteau & Holtzman 2003; Möllenhoff 2004; Aguerri et al. 2005) , bulge effective surface brightness (SB) vs. Hubble type (de Jong 1996a; Möllenhoff 2004) , bulge effective colour index (CI) vs. disk central CI (de Jong 1996b) . Furthermore, bulge-to-disk ratio underlies morphological classification of disk galaxies. Correlations between bulge parameters and black hole mass (Ferrarese & Ford 2005) evidence the coevolution of the black hole and its host galaxy. Considering active galaxies, the problems related to the origin and angular momentum reduction mechanisms of the fuel have given rise to much discussion (e.g., Jogee 2006) . In this regard, comparative analysis of the morphology and local environment of matched active and inactive galaxy samples have been performed (e.g., Mulchaey & Regan 1997; De Robertis, Yee & Hayhoe 1998; Virani, De Robertis & VanDalfsen 2000; Simões Lopes et al. 2007 ). Thus, studies on the fueling me-⋆ Based on observations obtained with the 2-m telescope of the Institute of Astronomy and National Astronomical Observatory, Bulgarian Academy of Sciences. ⋆⋆ Corresponding author: e-mail: lslav@astro.bas.bg chanisms of active galactic nuclei and correlations among galaxy parameters, as well as the precise morphological classification, all demand morphological characterization, i.e., disclosure of the features present. We analysed the evidence of non-axisymmetric perturbation of the potential in a sample of 35 Seyfert galaxies and in a matched sample of inactive galaxies, based on a detailed morphological characterization and study of the local environment. The results are presented in Slavcheva-Mihova & Mihov (2011, hereafter Paper I) . Here we present a homogeneous set of global, isophotal, and bar parameters of the Seyfert galaxies 1 .
Global and isophotal parameters are involved in inclination corrections and various galactic structure studies. While databases provide global and isophotal parameters for the bulk of the galaxies, they are generally based on photographic data of less photometric accuracy than CCD data.
The classical bar signature on the profiles is an ellipticity maximum, accompanied by a position angle (PA) plateau and a SB bump (Wozniak & Pierce 1991; Wozniak et al. 1995) ; more detailed bar criteria were introduced later on (Knapen, Shlosman & Peletier 2000; Menéndez-Delmestre et al. 2007; Marinova & Jogee 2007; Aguerri, Méndez-Abreu & Corsini 2009 ). There are various methods for bar length estimation, based on: visual inspection of images, analysis of the SB profile along the bar major axis, isophote fit-ting with ellipses, Fourier analysis, etc. (see the reviews of Athanassoula & Misiriotis 2002; Erwin 2005; MichelDansac & Wozniak 2006 ). The semi-major axis (SMA) corresponding to the ellipticity maximum (ℓ max , see Wozniak & Pierce 1991) proved to be the most robust, objective, and reproducible among the bar length estimates. It, however, underestimates bar length (Wozniak et al. 1995) and is not related to any of the bar dynamical characteristics (e.g., Michel-Dansac & Wozniak 2006) . Moreover, bar strength can be defined as the maximum tangential force in terms of the mean radial force after Combes & Sanders (1981) . Thus, it generally depends on the bar ellipticity, bar mass, and central force field. The tight correlation found between bar strength and deprojected bar ellipticity shows that the latter is a good measure of bar strength (Laurikainen, Salo & Rautiainen 2002) . Values of the deprojected ellipticities below 0.15 are among the signatures of ovals and lenses (Kormendy & Kennicutt 2004) .
Details about the sample selection, observations, data reduction, and Johnson-Cousins BV R C I C surface photometry, as well as contour maps and profiles of the SB, CI, ellipticity (ǫ), and PA could be found in Paper I. The extra added galaxies were reduced as the rest of sample; observational details, contour maps, and profiles are presented in Appendix A.
The paper is structured as follows. In Sect. 2 we present the global values of the ellipticity, PA, inclination, and total magnitude. The isophotal parameters -SMA and CIs at 24 V mag arcsec −2 , are discussed in Sect. 3. The bar parameters are outlined in Sect. 4. A summary of our results is given in Sect. 5. A set of contour maps and profiles of the extra added galaxies is presented in Appendix A. Global ellipticities and deprojected bar ellipticities of the matched inactive galaxies are given in Appendix B.
Throughout the paper the linear sizes in kpc have been calculated using the cosmology-corrected scale given in Spergel et al. 2007 ).
Global parameters
We present the global values of the ellipticity and PA of the sample galaxies in Table 1 . They were obtained computing the median over a predefined region of the corresponding profiles; the mean absolute deviation about the median (MAD) was used as an error estimate. The region of estimations is one and the same for all passbands and epochs for a given galaxy and generally encompasses the disk-dominated parts (Table 1, All available passbands were considered in the median computation for a given epoch. Multi-epoch global parameters were weight-averaged; the galaxies of multi-epoch observations can be followed in Simkin (1975) .
Having estimated the ellipticity, we obtained the galaxy inclination, i, using the expression (Holmberg 1958) :
where q 0 = 0.2 is the intrinsic, edge-on disk axial ratio (Lambas, Maddox & Loveday 1992) . The so derived inclination is presented in Table 1 . The outermost, disk-dominated, parts of NGC 4151 could not be reached in our images, so, we list the parameters estimated by Simkin (1975) .
Fig. 1
Comparison between the ellipticities listed in HyperLeda and ours. Named are the galaxies with |∆ǫ| > 0.3. The line of exact correspondence is plotted.
Fig. 2
Comparison between the PAs listed in HyperLeda and ours. Named are the galaxies with |∆PA| > 30
• . The line of exact correspondence is plotted.
Fig. 3
Comparison between a 24 estimated by us and those published in Hunt et al. (1999) . Named are the outliers. The line of exact correspondence is plotted. The typical error of the global PA is a few degrees, but it may get higher for nearly face-on galaxies (ǫ < ∼ 0.1) as no favourable PA could be defined (e.g., Mrk 590, see Paper I) and owing to the presence of spiral arms as they can lead to a continuous PA change (e.g., Mrk 348, see Paper I). We found good passband-to-passband and night-to-night correspondence of the global ellipticities and PAs as can be judged by the small values of the errors reported in Table 1 .
We compared the values of the global ellipticity and PA with those listed in HyperLeda 3 (Paturel et al. 2003) in Figs. 1 and 2; note that HyperLeda reports the parameters corresponding to the 25 B mag arcsec −2 isophote. The median values of the difference of the ellipticity and PA (ours minus theirs) are −0.02 (0.10) and −4.
• 3 (15.
• 8), respectively, with MAD in parentheses. Two galaxies have ellipticity difference |∆ǫ| > 0.3 -NGC 6814 and Mrk 348. The former, practically a face-on galaxy, is reported to have ǫ = 0.76. The latter is also an almost face-on galaxy with a 3 http://leda.univ-lyon1.fr stretched spiral structure beyond a ≈ 40 ′′ , where the 25 B mag arcsec −2 isophote gets (see Fig. A .1 of Paper I). Similar is the case of Mrk 79, at the top of the list of galaxies with PA difference |∆PA| > 30
• -the 25 B mag arcsec
isophote falls in the region of a continuous PA change owing to the spiral arms (see Fig. A .1 of Paper I). Thus, the relatively large scatter in Figs. 1 and 2 is associated with the different way of estimation of these parameters. Furthermore, the ellipticity (together with inclination) and PA, estimated on the base of isophotal criteria, are not fully representative for the disk-dominated galaxy regions.
The global ellipticities of the matched inactive galaxies are presented in Appendix B.
We built the growth curve for each galaxy by integrating the intensity in elliptical apertures of fixed centre, ellipticity, and PA, using the global ellipticity and PA. The intensity, at which the growth curve becomes asymptotically flat, specifies the total apparent magnitude, presented in Table 2 . The total magnitude error includes photon noise, sky backwww.an-journal.org ground error, and transformation coefficient errors. No magnitude averaging was performed, so that eventual changes related to nuclear variability could remain.
Isophotal parameters
In Table 3 we present a set of 24 V mag arcsec −2 isophote parameters: the SMA a 24 together with the CIs (B -I C ) 24 and (V -I C ) 24 estimated on both the apparent, µ(a), and corrected, µ (0) (a), SB profiles; the superscript "0" denotes the corrected quantities. Correction was performed as follows:
where Σ = A + 2.5 C log(cos i) + 10 log(1 + z) + K + E accounts for the following factors:
-Galactic absorption, A. Its values calculated following Schlegel, Finkbeiner & Davis (1998) were taken from NED; -Correction for inclination and internal absorption. Factor C accounts for the disk transparency owing to dust absorption. It depends on the radial distance and is assumed to vary from about 0 in the disk centre to about 1 in the galaxy outskirts (e.g., Giovanelli et al. 1994) . For the sake of estimating the 24 V mag arcsec −2 parameters, we adopted C = 0.9 (Nedyalkov 1998); -Cosmological dimming; -K-and E-correction. We used the following fits to the data points with z ≤ 0.1 and Hubble type Sa of Poggianti (1997) :
and
Poggianti (1997) did not tabulate K-and E-corrections for Sa in the Cousins I, so, we used the corrections for the Johnson I.
When the 24 V mag arcsec −2 isophote could not be reached, extrapolation, instead of interpolation, was performed on the base of a linear fit to the disk-dominated galaxy regions, using the following formula (Han 1992 ):
, where a
24 is the extrapolated a 24 and µ 0 and r 0 the central SB and the scale length of the fitted galaxy disk, respectively. In case the CI profiles do not reach a 24 , linear fits to the corresponding SB profiles were used to extrapolate them. The multi-epoch isophotal parameters were weightaveraged.
Our values of a 24 are in good agreement with those of Hunt et al. (1999) for the galaxies in common (Fig. 3) . The median value of the difference (ours minus theirs) is −1.
′′ 2 with MAD of 3.
′′ 8. The outliers are Mrk 348 and NGC 4151. Possible reasons for this are eventual differences in the sky background estimation and that, at variance with us, Hunt et al. (1999) used fixed values of the ellipticity and PA in the ellipse fitting in the region of the 24 V mag arcsec −2 isophote for most galaxies, including the above cited. Note also that in this region the SB profile of Mrk 348 has an almost flat appearance (see Fig. A1 in Paper I), which results in a relatively large error in the estimation of a 24 and that Hunt et al. (1999) applied extrapolation to estimate a 24 of NGC 4151.
The median corrected isophotal SMA is 13.9 kpc with MAD of 3.7 kpc. The distribution of the corrected CIs is shown in Fig. 4 . We acquired the following median CIs:
which are representative for the disk-dominated galaxy regions; the values in parentheses are the MADs. We compared the distribution of the corrected CIs in the subsamples that have bars, outer/inner rings, asymmetries, companions and in the corresponding subsamples without these features. The subsample with outer rings shows bluer CIs than the complementary subsample at more than the 95% significance level. In particular, the median (V −I C ) (0) 24 of the subsample with/without outer rings is 0.95/1.20 mag arcsec −2 (Fig. 5) . This is expected, since outer rings, typically blue, are generally situated close to the 24 V mag arcsec −2 isophote. There is no clear correlation between the CIs and the presence of the other features.
Bar parameters
We consider a galaxy barred if there is an ellipticity maximum greater than 0.16 with an amplitude of at least 0.08 over a region of PA constant within 20
• , following Aguerri et al. (2009) . At the transition to the disk the PA changes unless the bar and disk are aligned.
The ellipticity maximum and the corresponding PA in the region of the bar are adopted as its ellipticity (ǫ bar ) and PA (P A bar ), respectively. The presence of a bulge, together with eventual boxiness of the bar isophotes, leads to underestimation of the bar ellipticity, obtained on the base of ellipse fits, especially in galaxies with big bulges (see also Menéndez-Delmestre et al. 2007 ). Generally, the PA along bars is well constrained thanks to the x 1 orbits (e.g., Athanassoula 1992).
Fig. 6
Bar length vs. bar SMA at ellipticity maximum of strong (filled circles) and weak (open circles) bars; the nuclear bar of Mrk 352 is denoted by an asterisk. Overplotted are the lines of the median ℓ/ℓ max ratio (dashed) and of exact correspondence (solid).
Fig. 7
Deprojected bar length vs. corrected isophotal SMA at 24 V mag arcsec −2 ; the symbols are as specified in Fig. 6 . Overplotted is the line of exact correspondence.
Fig. 8
Deprojected relative bar length vs. deprojected bar ellipticity; the symbols are as specified in Fig. 6 . Overplotted are empirical limits of strong and long bars (see text).
As bar length, ℓ, we adopted the SMA, where the ellipticity decreases with 15% from its maximal value, after Martinez-Valpuesta, Shlosman & Heller (2006) , according to whom the so estimated length is consistent with the size of the maximal stable x 1 orbit; bar length has already been derived in that manner by Fathi et al. (2009) . The postmaximum ellipticity slope, generally steeper than the premaximum one, is often influenced by spiral arm beginnings or rings. To reduce this influence, we took the minimum of the SMAs, corresponding to the 15% ellipticity decrease, both before and after the ellipticity maximum. The error of ℓ and ℓ max was estimated as the SMA change relevant to 1 σ change of the corresponding ellipticity. This approach worked well for all barred galaxies 4 but NGC 3227, NGC 4051, and NGC 4593, for which it overestimates the bar lengths. Not taking these galaxies into account, we found ℓ and ℓ max to correlate tightly (with a Pearson correlation coefficient of 0.999 and a probability that this is achieved by uncorrelated points below 10 −6 , Fig. 6 ). The median value of the ratio ℓ/ℓ max is 1.22 with a MAD of 0.06. The bar lengths of the above three galaxies were estimated using the corresponding ℓ max values and the median ℓ/ℓ max ratio.
We used the I C profiles to estimate the bar parameters as bars are best pronounced and the spiral structure influence is minimized there. The derived parameters are listed in Table 4; multi-epoch bar parameters were weight-averaged except for Mrk 79 5 . The bar parameters of Mrk 352, Mrk 771, and Mrk 279 were estimated using Hubble Space Telescope 4 We consider only large-scale bars. Given also in Table 4 are the parameters of the nuclear bar of Mrk 352, firstly reported in Paper I, but they were not taken into account in any of the correlations below, nor in the estimation of the median parameters.
5 Only the data of better seeing were taken into account (see Paper I).
(HST) data and the ones of NGC 6814 -using Two Micron All Sky Survey (2MASS) data (see Paper I). The bar length was deprojected following Martin (1995) :
where Θ is the angle between the SMAs of the bar and disk. To compute the deprojected bar ellipticity, ǫ
bar , the bar semi-minor axis was deprojected using the above formula, multiplied by 1 -ǫ bar ; now Θ is the angle between the semi-minor axis of the bar and the SMA of the disk.
The median of the deprojected bar ellipticity, length, and relative length, ℓ 
24 , the Pearson correlation coefficient is 0.783 (with a probability that this is achieved by uncorrelated points about 10 −4 ); a weaker correlation was found by Laine et al. (2002) .
Deprojected bar ellipticity can be used as a first-order approximation of bar strength (e.g., Laurikainen et al. 2002; Block et al. 2004 ). We classified a bar as strong if ǫ (i) bar > 0.45 after Laine et al. (2002) . This resulted in three strong bars among the 17 barred galaxies. In particular, Seyfert bars appear weaker than their inactive counterparts at the 95% confidence level (see Paper I). The deprojected bar ellipticities of the matched inactive sample used in this comparison are listed in Appendix B. Concerning the morphological classification presented in Paper I, the barred galaxies of both samples were given designations "AB" or "B" according to the values of their deprojected ellipticities.
The bar-like structures of Mrk 595, Mrk 279, and NGC 7469 are most probably ovals/lenses, given their deprojected ellipticities below 0.15 (Kormendy & Kennicutt 2004) ; to further specify this, kinematic data are needed though www.an-journal.org (Sellwood & Wilkinson 1993) . Note that bars, ovals, and lenses are essentially equivalent regarding gas inflow (Kormendy & Kennicutt 2004) .
The deprojected relative bar length and bar ellipticity show no clear correlation ( Fig. 8; 
24 ≥ 0.18) and strong (ǫ ≥ 0.4) bars of Martinet & Friedli (1997) 6 , dotted, and of strong bars (ǫ > 0.45) of Laine et al. (2002) , dashed.
Summary
This paper is third in a series, studying the optical properties of a sample of Seyfert galaxies. The first paper addresses the evidence of non-axisymmetric perturbation of the potential in a sample of 35 Seyfert galaxies and in a matched inactive sample. A homogeneous set of global (ellipticity, PA, inclination, and total magnitude) and isophotal (SMA and CIs at 24 V mag arcsec −2 ) parameters of the Seyfert sample are reported in this study. Correction for galactic absorption, inclination and internal absorption, cosmological dimming, as well as K-and E-correction was applied to the isophotal parameters. We found the following median isophotal parameters:
24 = 1.9 mag arcsec −2 ,
24 = 1.1 mag arcsec −2 .
The estimated parameters can be further used in various galactic structure studies. We presented a set of bar parameters -ellipticity, PA, SMA corresponding to the ellipticity maximum in the bar region, and length; deprojected values of the bar ellipticity, length, and relative length in terms of galaxy isophotal SMA are also given. As bar length we adopted the minimum of the SMAs corresponding to 15% ellipticity decrease from its maximal value, both before and after the ellipticity maximum. The so obtained bar length and the most often used bar length estimate -the SMA, corresponding to the ellipticity maximum, show a tight correlation with a median ratio ℓ/ℓ max of 1.22, which we further used to obtain the bar length in cases the above approach did not work. The median of the deprojected bar ellipticity, length, and relative length are 0.39, 5.44 kpc, and 0.44, respectively. The deprojected bar length correlates with the corrected isophotal SMA at 24 V mag arcsec −2 . Seventeen of the galaxies have large-scale bars, three of which are strong, based on the deprojected bar ellipticity as a rough estimate of bar strength. The deprojected relative bar length and bar ellipticity show no clear correlation.
Global ellipticities and deprojected bar ellipticities of the matched inactive sample are also presented.
A Details about the galaxies Mrk 1040, NGC 5506, and Mrk 507
The galaxies were observed at the Rozhen National Astronomical Observatory, Bulgaria, with the 2-m Ritchey-Chrétien telescope equipped with 1024 × 1024 Photometrics AT200 CCD camera (CCD chip SITe SI003AB with a square pixel size of 24 µm that corresponds to 0.
′′ 309 on the sky). Standard Johnson-Cousins BV RCIC filters were used. We present details about the observations, image quality, and standard fields used for calibration of the extra added galaxies in Table A1 . Calibrated contour maps and profiles of the SB, CI, ellipticity, and PA are given in Fig. A1 . Regarding Mrk 507, a stellar-like object (Halpern & Oke 1987; Gioia et al. 2003 ) of comparable brightness is located about 2 ′′ from its nucleus at PA = 110
• . We cleaned the projected object with the help of Moffat PSF subtraction; we should, however, keep in mind the close proximity of the object and the small size of the galaxy itself.
B Global ellipticities and deprojected bar ellipticities of the matched inactive galaxies
We present the global ellipticities of the inactive galaxies and the deprojected bar ellipticities of the barred subsample in Table B1 . Both sets of ellipticities were estimated as for the Sy sample. The median of the deprojected bar ellipticity is 0.49 with a MAD of 0.14. The galaxy ellipticities were used in the sample matching, Table 3 Apparent and corrected SMA and CIs at 24 V mag arcsec −2 . Table 4 Bar parameters, estimated in I C , except for the galaxies, for which HST or 2MASS data were used.
